




































ACTIVITY OF  SUPPORTED GOLD CATALYSTS  FOR  THE  LOW  TEMPERATURE 
OXIDATION OF #/ 	 $EPENDING ON THE CATALYTIC REACTION GOLD 
BEHAVES  AS  THE  ACTIVE  SITE  OR  ACTS  AS  A  CATALYST  PROMOTER 
/XIDATION OF #/ AND THE EPOXIDATION OF PROPENE ARE EXAMPLES 
OF THE DIRECT INVOLVEMENT OF GOLD SPECIES AS ACTIVE SITES 	 
WHEREAS  HYDROGENATION  AND  HYDRODECHLORINATION  ARE  TYPICAL 
CASES IN WHICH PROMOTION OF THE ACTIVE METAL 0D	 BY GOLD IS 
FOUND 	 2ECENTLY SOME INTERESTING RESULTS WERE OBTAINED 
IN  OUR  LABORATORY  CONCERNING  THE  EFFECT  OF  GOLD  ON  SILICA
SUPPORTED PALLADIUM CATALYSTS FOR HYDRODESULFURIZATION 	 )N 
MILD  CONDITIONS  AT  ATMOSPHERIC  PRESSURE  GOLD  ALONE  WAS 





THIOPHENE WAS OBSERVED  	 5NDER MORE  SEVERE  CONDITIONS 
SUCH AS HIGH HYDROGEN PRESSURE  THE GOLD CATALYST WAS MORE 
ACTIVE THAN THE PALLADIUM CATALYST AND IN THE BIMETALLIC CATALYST 
IT  WORKED  IN  SYNERGY  WITH  PALLADIUM  )N  THE  LATTER  CASE  IN 
ADDITION  TO  AN  INCREASED  DIBENZOTHIOPHENE  CONVERSION  AN 
ENHANCED  SELECTIVITY  TOWARDS  THE  BIPHENYL  FORMATION  RATHER 
THAN THE HYDROGENATED CYCLOHEXYLBENZENE WAS OBSERVED 	 
4HE  COMPARISON  OF  THE  RESULTS  OBTAINED  UNDER  THE  TWO 
DIFFERENT  SETS  OF  EXPERIMENTAL  CONDITIONS  SUGGESTED  AS  A 
POSSIBLE MECHANISM FOR THE ($3 ATTACHMENT OF THE SUBSTRATE 
TO  THE  GOLD  SITES  FOLLOWED  BY  #3  RUPTURE  ACTIVATED  BY 
THE HYDROGEN 
(YDRODESULFURIZATION CATALYSIS IS STILL A MAJOR CHALLENGE FOR 
THE  PETROLEUM  INDUSTRY  AND  THE  OBJECTIVE  FOR  THE  PRESENT 
STUDY  WAS  TO  BUILD  ON  THE  CONCLUSIONS  OF  THE  RESULTS 
SUMMARIZED ABOVE BY INVESTIGATING THE EFFECT OF GOLD ON THE 
HYDRODESULFURIZATION  ACTIVITY  OF  COBALT  CATALYSTS  3INCE  HIGH 
SURFACE AREA MATERIALS SUCH AS -#- HAVE BEEN RECENTLY 
REPORTED AS PROMISING SUPPORTS FOR HYDROTREATMENT REACTIONS 
	  #O  AND  !U#O  CATALYSTS  ON -#-  ARE  PREPARED  AND 
COMPARED  WITH  CORRESPONDING  CATALYSTS  SUPPORTED  ON 
AMORPHOUS  3I/  4HE  MATERIALS  ARE  CHARACTERISED  BY  8RAY 
PHOTOELECTRON SPECTROSCOPY 803	 8RAY DIFFRACTION 82$	 AND 





MESOPOROUS  STRUCTURE  WAS  CON½RMED  BY  THE  82$  PATTERN 
SHOWING THE TYPICAL RE¾ECTION AT Q ¤  AND BY THE TYPICAL 









K6  AND    M!  4HE  BINDING  ENERGIES  WERE  CALIBRATED  WITH 
RESPECT  TO # S  FROM ADVENTITIOUS  CARBON  SET  AT    E6 
0EAK RESOLUTION AND QUANTITATIVE ANALYSIS WERE PERFORMED USING 
THE SOFTWARE PROVIDED BY 6' 402 MEASUREMENTS IN THE RANGE 






















'OLD    WT	  WAS  ADDED  USING  TWO  PROCEDURES  4HE  ½RST 
CONSISTED  OF  COIMPREGNATION  OF  THE  SUPPORTS  WITH  THE 
AQUEOUS SOLUTIONS OF #O./	À(/ AND (!U#L FOLLOWED BY 
DRYING  AND  CALCINATION  4HE  SECOND  METHOD  INVOLVED  TWO 
CONSECUTIVE  IMPREGNATIONS  OF  THE  SUPPORTS  4HE  ½RST 
IMPREGNATION WITH  GOLD  SALT  SOLUTION  FOLLOWED BY  DRYING  AT 
+ AND CALCINATION AT  + 4HEN THE SECOND IMPREGNATION 
WITH  COBALT  SALT  SOLUTION  AS  IN  THE  FORMER  PROCEDURE  4HE 
SAMPLE NOTATION DISTINGUISHES BETWEEN THE COIMPREGNATED 
AND  THE  SUCCESSIVE  IMPREGNATION  AS #O!USUPPORT  AND !U
#OSUPPORT RESPECTIVELY 
8RAY  DIFFRACTION  MEASUREMENTS  FOR  THE  STRUCTURE 
DETERMINATION  WERE  CARRIED  OUT  WITH  A  0HILIPS  VERTICAL 
GONIOMETER USING .I½LTERED #U +A RADIATION ! PROPORTIONAL 
COUNTER AND  STEP SIZE IN Q WERE USED 4HE ASSIGNMENT 
OF  THE  VARIOUS  CRYSTALLINE  PHASES  WAS  BASED  ON  THE  *0$3 
POWDER DIFFRACTION ½LE CARDS  	 4HE SPECI½C  SURFACE AREA 
"%4	 AND THE PORE SIZE DISTRIBUTIONS WERE OBTAINED USING A 








































  3AMPLE  33! MG  DP NM	  D #O/ NM	  D !U NM	
 
  #O3I/        
  !U#O3I/        
  #O!U3I/        
  #O-#-       
  !U#O-#-      	 	  








REDUCTION  OF  #O  TO  #O  4HE  SMALL  PEAK  ABOVE    +  IS 
ATTRIBUTED TO THE HIGH TEMPERATURE DRIVEN FORMATION OF #O/X
3I/  SPECIES  	  !DDITION  OF  GOLD  MODI½ES  THE  REDUCTION 
PATTERN  IN A WAY RELATED TO THE METAL  INTRODUCTION METHOD 








IN  ACCORD WITH  THE  LITERATURE  	  !DDING  GOLD  IN  THIS  CASE 
PRODUCES  A  SLIGHT  DECREASE  OF  THE  HIGH  TEMPERATURE  PEAK 
3UCH  EFFECT  ALTHOUGH  TO  A  LARGER  EXTENT WAS  ALSO  OBSERVED 
WITH OTHER NOBLE METALS SUCH AS 0T AND 2H 	 
4HE  CATALYTIC  RESULTS  IN  TERMS  OF  RATE  CONSTANT  AND 
PERCENTAGE OF  INITIAL DEACTIVATION ARE SUMMARISED  IN &IGURE 
 7ITH THE 3I/SUPPORTED CATALYSTS  THE ½RST  IMPREGNATION 
WITH GOLD HAS  A NEGLIGIBLE EFFECT ON  THE COBALT  ACTIVITY BUT 






SURFACE  AREA  OF  THE  CATALYSTS  SUPPORTED  ON  -#-  ARE 
SIGNI½CANTLY  HIGHER WITH  RESPECT  TO  THE  SILICA  CATALYSTS  )T  IS 
WORTH NOTICING THAT THE GOLDCONTAINING CATALYSTS HAVE LARGER 
AREAS AS COMPARED TO THE COBALTONLY CATALYSTS 7ITH RESPECT 
TO  THE  SILICA  SUPPORTED CATALYSTS #O/ PARTICLES  SUPPORTED 
ON  THE  LARGE  AREA  SUPPORT -#-  HAVE  SMALLER  SIZE  )T  IS 
WORTH  NOTICING  THE  BIMODAL  DISTRIBUTION  OBTAINED  WHEN 
COBALT  IS  SUPPORTED  OVER  THE  SUPPORT  ½RST  IMPREGNATED 
WITH GOLD 
)N  &IGURE    THE  402  PRO½LES  OF  THE  3I/  AND  -#- 
SUPPORTED  CATALYSTS  ARE  GIVEN  4HE  REDUCTION  CURVE  OF  #O 



































  3AMPLE  #O P     #O3I
    CALC  SULF  CALC  SULF
  #O3I/     	  	    
  !U#O3I/     	  	     
  #O!U3I/     	  	     
  #O-#-     	  	     
  !U#O-#-    	  	     
'OLD "ULLETIN    
IT HAS A POSITIVE EFFECT ON THE INITIAL DEACTIVATION )N THE CASE 
OF  COIMPREGNATED  !U  AND  #O  AN  INCREASE  IN  ACTIVITY  WITH 
A  HIGH  INITIAL  DEACTIVATION  IS  OBSERVED  )T  SHOULD  BE  KEPT 
IN  MIND  THAT  SUCH  DEACTIVATION  ALTHOUGH  A  NEGATIVE 
CONSIDERATION  FOR A COMMERCIAL APPLICATION CORRESPONDS  TO 
A  LARGE  INITIAL  ACTIVITY WHICH  IS  ALSO  RELATED  TO  THE PRESENCE 
OF GOLD 4HE USE OF THE -#-  IMPROVES BOTH THE ACTIVITY 
AND THE INITIAL STABILITY OF THE COBALT CATALYST -OST IMPORTANT 
ON  THIS  SUPPORT  ½RST  IMPREGNATED  WITH  GOLD  THE  ACTIVITY 
INCREASES SIGNI½CANTLY 




AND  AFTER  SUL½DATION  &OR  ALL  CATALYSTS  THE  !U  F  BINDING 
ENERGY OF    E6  TYPICAL  OF METALLIC  GOLD WAS  FOUND  	 
4HE #O P ENERGY VALUE OF  E6   OF THE CALCINED 
SAMPLES  IS  INTERMEDIATE  BETWEEN  THE  VALUES  FOR  #O 
AND THE #O SPECIES 	 )N AGREEMENT WITH THE 82$ DATA 
THE  SPECTRA  OF  THE  OXIDISED  CATALYSTS  ARE  ATTRIBUTED  TO  THE 
#O/ PHASE AND ACCORDING TO THE INCREASED ATOMIC RATIO #O
3I  THE  PRESENCE  OF  GOLD  FAVOURS  THE  SURFACE  DISPERSION  OF 
THE  COBALT  PHASE  4HE  #O  P  PHOTOELECTRON  SPECTRA  OF 
THE BETTER PERFORMING CATALYSTS #O-#- AND !U#O-#-









4HE  PEAK  AT    E6  WITH  THE  SHAKE  UP  AT  ^  E6 
IS  ATTRIBUTED  TO  #O  !S  SHOWN  IN  THE  ½GURE  THE  GOLD
CONTAINING  SAMPLE  AS  COMPARED  TO  THE ONLY  COBALT  SAMPLE 
EXHIBITS  AN  INCREASE  OF  THE  INTENSITY  OF  THE  REDUCED #O P 
COMPONENT  RELATIVELY  TO  THE  OXIDISED  #O  P  SPECIES 
4HIS EFFECT ASCRIBABLE TO THE GOLD PROMOTED COBALT REDUCIBILITY 
ALONG  WITH  THE  INCREASED  COBALT  DISPERSION  CAN  EXPLAIN 
THE  LARGER ACTIVITY OF  THE !U#O-#- CATALYST !S  SHOWN 
IN  &IGURE  C  AFTER  THE  REACTION  A  DETERIORATION  OF  THE 
#O P SIGNAL OCCURS 4HE CORRESPONDING DECREASE OF THE #O 




!CCORDING  TO  THE  STRUCTURAL  AND  SURFACE  CHARACTERIZATION 
RESULTS  THE  HIGHER  ACTIVITY  OF  THE  !U#O-#-  CATALYST 
AS  COMPARED  TO  THE  ANALOGOUS  3I/SUPPORTED  CATALYST  IS 
DUE  TO  THE BETTER COBALT DISPERSION OVER  THE  LARGER  SURFACE 
AREA  SUPPORT  4HE  IMPREGNATION  OF  THIS  SUPPORT WITH  GOLD 
BEFORE  ADDING  COBALT  ALLOWS  FOR  A  FURTHER  INCREASE  OF  THE 
COBALT  DISPERSION  AND  OF  MOST  IMPORTANCE  IT  FAVOURS  THE 
REDUCIBILITY OF #O UPON TREATMENT WITH ((3 /N 3I/ WHERE 
THE WEAK INTERACTION BETWEEN COBALT AND THE SUPPORT FAVOURS 
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ACTIVITY  OF  THE  CONSECUTIVELY  IMPREGNATED  !U#O-#- 
CATALYST  4HESE  POSITIVE  EFFECTS  WILL  BE  FURTHER  EXPLORED  IN 
ORDER  TO  ENHANCE  THEM  AND  TO  ½ND  WAYS  OF  REDUCING  THE 
INITIAL CATALYST DEACTIVATION
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